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the ^alityy of /mail ^anikies of Natural or Artifcial 
MkBrickf. By Mr. Tiberius Cavalloj E^ R* S^ 



The Le(Sfcuie fouBded by the late Heney BAKtR, Efq. F. R* it 



Read November 15^ 178^. 

THE peffevering induilry of many ingemoiis perfons in 
the philofophiHcal world, fince the beginning of the 
prefent century, has gradually, and with rapid fuccefs, exa- 
mined the effeds, afeertaiEed the properties^ and inYeftigated 
VoL> LXXVIII. B the 
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the laws of. a fcience almoft entirely unknown before. Various 
wonderful ph^noiBena of nature have been explained? means 
have been difcoverecl of avoiding fome of their dangerous 
effeiftsj and a greater iofight into the general operations of 
nature has been derived^ from the knowledge of (a great and 
fo extenfive a power as is commonly underftood under the 
name of eleBricity ; yet, if inilead of contemplating its more 
ftriking phenomena, viz. thofe which are apt to furprife more 
by the magnitude of their efFefts^ than by the inftru£l|ott 
%¥hich they may afford^ we endeavour to examine the fubje£t 
more clofeJy, we (liall find that our knowledge of eleftricity 
goes very little, if at all, beyond the fuperficial part of it» 
We know, for inftance, that a piece of glafs, or other ele^ric^. 
when rubbed, will produce that power which we call eleftri- 
city, that the glafs will communicate the acquired ele£lricitj 
to a piece of metal, that the piece of metal will retain that 
power in certain circumftances, and fo on; but no perfon has 
llnewn how that power is generated by the friction, or what 
prevents its paffage through the fnbftance of fome particular 
bodies* It has been alcertained, that the air of molt coua- 
tries, and probably of the whole world, as m^ell as the clouds,. 
fogs, rains, &c. are almoft always eleftrified ; but we are 
ignorant of the office which this eledrlcity can have in the 
great laboratory of nature; for furely fo general and fo a£live 
a power can hardly be intended by nature,, merely to intimi- 
date mankind now and then with the thunder and the light- 
ning. 

It appears, therefore^ that thofe perfbns, who are now 

willing to diftinguifh themfelves in this interefling. branch of 

natural philofophy, ought to examine the ele<Strieal power not 

ib much in its accumulated^ as in its incipient ftate* Its firft 

5 origin^ 
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lorigltts or very begiriniiigt ougat to be iiiveftigated, it being 
afterwards very q^, to underftand JtS: iocreafe; for- we./may 
eafily comprehend, how a great quantity of it may be accu- 
.mulated from- the often -repeated' additions of its- fmalleft 
portion s, 

■ This troth having been ^oiiderftood- by ie^/eral philofophkal 
perfoos,., has induced-, them- to contrive loftroments nece-flary 
for the purpofe, and to make numerous obfe.vations^ which 
have undoubtedly promoted the knowledge of the fubjeQ:; but 
li great deal ftili remains to be done, before we can attain to 
the knowledge of the objed in view, w%. of the real nature^ 
of the firfl oriVin, and of the general ufe of eleftricitv. The 
iniEiruments hitherto invented are ftill inadequate to th6 pur* 
pole, and the known methods of operating are not free from 
confiderable objeftioas. To examine the peculiar conftriic- 
lions, intended ufes, properties, and defeds, of thofe inftru* 
ments, as well -as methods of performing the experimeotSi is 
the principal o}>jed of the prelentLe£lnrei which I have the 
honour of delivering to this learned Society, and which may* 
perhaps, be of ufe to other experimenters in this branch of 
philofophy ;/ fin ce what is mentioned in the following pages ii 
the refult of long experience, and of confi deration. Of expe* 
rience, which has often contradicted the ianguine expefetions 
o£ a pre-conceived theory; and of confideration, which has 
frequently demoniirated the abfurdity or iiifufficiency of 
Cchemes which, at firft light, feemed very eafy and plaufible. 
. The late Mr. John" Canton was, as far-aal know, the- 
firft perjfbn who conftru^ted aa electrometer, or inftrument 
capable of ftewing the prefence of what was then eonfidered 
as a fmall quantity of elefiricity. This inftrument confifted 
<^f two fmall bails ©f pith of elder or of cork, f aftened to the 

B- 3 two 
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two extremities of a linen thread, the middle o£ which wa:s^^ 
fafteued to an oblong wooden box, in which the thread and 
bails were kept^ when not aflually in ufe. It was with fuch 
aa inftrument thatrMr,. Canton himfelf, Father Beccaria, 
and others, afcertained the ele£tricity generally exifting in the 
aar; and that Mr, Ronayne difcovered. the conftant eledricity 
of fogs. But in the eourfe of my experiments, having made 
frequent nfe of Hich eleftrometers, it naturally occurred to 
me, that in feveral cafes, when the ele£trometer gave iio figns 
of electricity, or at leaft not fufBcient to afcertain its quality^ 
the caufe of it was the refpefilively large fize of the inftru- 
ment ; for a fmall quantity of electricity being difFufed through 
the box, thread, and balls of the eleCtrometer, had not power 
fufficient to feparate the balk, and of eourfe to fliew its pre- 
fence. In confequence of this, I contrafted the fize of the 
electrometers to fuch a degree as could be affeCted by lefs than 
the tenth part of that quantity of eleftricity which was ne* 
ceffary to affeCl Mr. Canton's eleCtrometer. But in making 
the electrometers very fhort, the ftifFnefs of the threads, which 
had been infignificant in a great extent,^ became now very con?? 
fiderable; hence, inftead of faftening the balls to the two ex- 
tremities of one piece of thread, I found it neceflary to fuf- 
pend each ball by a feparate piece of thread, the upper part 
of which was formed into a loop, which moved in a ring of 
brafs wire» 

The eleclrometers, thus improved, were flill fubjeCt to a 
very great imperfeCtion, which was the twifting of the threads ; 
to avoid which I fubftituted fine filver wire, . infi:ead of linen; 
threads, ^hich anfwered very well.. However, in obferving 
the electricity of the atraofphere, thofe electrometers appeared 
to labour under a confiderable inconvenience^ wliich was their 
4 being 
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ielng difturbed by the wind ; for k frequently happened, that 
neither the exiftence, nor the quaUty, of the eleftriclty could 
be afcertalned on account of the wind agitating the inflrumenti 
and becaufe the ele6t:ricity being in fmall quantity would nofc 
remain on the ele£irometer a time futScient to bring the inftru- 
Bient within doors, where it might be examined without any 
obftrudion. In order to remove this imperfedion, I inclofed 
the electrometer in a bottle, as it is defcribed in the Philo- 
fophical Tranfadions, VoL LXX* which confl:ru£tiou has been 
found to anfwer remarkably well. 

This bottle electrometer has been fince a:lteted by various 
perfons ; though, in my opinion, thofe alterations do not tend to 
improve it altogether. M. de Sauss¥rEj by altering the fhape of 
the bottle, and depriving it of a neck,, has rendered it capable of 
retaining the communicated eleftricity only for a very ftiort 
time^; whereas, fome of thofe eledrometers, conftrudted or^ 
my original plan, have retained the communicated eleftricity^ 
for more than four hours# 

Befides this, M. de Saussurev as well as fome who make 
thefe electrometers for fale, have fubftituted pith balls, Inftead 
of the conical corks of the original plan, the latter of which 
are preferable for two reafons ;*!;/%. firft, becaufe the balls of 
pith are apt to adhere to each other^ fo that on communicating: 
the electricity they often do not fhew a^iy repullion at all; or 
if the communicated electricity be coniiderably great, the pith 
balls, after adhering to each other for fome time, are at laft fepa^- 
rated with violence, fo as to fly to the fides of the bottle, which^ 
fruftrates the experiment j whereas the corks are not near fa 
fubjeCt to this inconvenience; and, fecondly, becaufe the coni- 
aal ihape renders thofe corks capable of prefenting a much 

* SAmstTRE's Voyage daus les Alpes^ Tonn 11^ 
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greater furface to each other^ than if they were globulatj^ 
their weights behig the fame in both cafes; for it is very well 
known, that, of ail the folid figures, the fphere contains the 
greateft capacity under the leaft furface ; and as the efFedls of 
eledricity, in thofe cafes, is proportionate to the furface, and 
not to the quantity of matter, it follows, that the conical 
fhape is preferable to the globular. 

Another alteration of the bottle ele£lrometer was lately made 
by the Rt^v. Mr. Bennet, and is defcribedin the Philofophical 
Tranfaftions, Vol. LXXVIL Part I. It confifts principally in 
fubilituting two flips of gold- leaf to the corks fufpended by 
wires. This alteration has fome peculiar advantages and difad- 
vantages. Its advantages are in general a greater degree of 
fenfibility, and z, more eafy conftruftion. Its difadvantages 
are, firft, that the inftrument is not portable ; and, fecondly, 
that even when not carried about, it is apt to be fpoiled very 
eafily. However, in lome Cafes it is very ufeful, fo that, upon 
the whole, it may be confidered as a very good improvement. 

As the faftening of the flips of gold-leaf to this eleftrome- 
ter, and to let them hang iparallel, is rather difficult, it will 
not be improper to defcribe a method which I have contrived, in 
order to accomplifli it more eafily. When the flips are cut, 
and are lying upon paper or leather, I make them equal in 
length, by meafuring them with a pair of compafles, and cut- 
ting off a portion from the longefl: : then cut two bits of 
very fine paper, each about half an inch long, and a quarter 
of an inch broad, and fl:ick one of them, by means af a little 
wax, which is rubbed upon them, to one extremity of each flip of 
gold-leaf, fo as to form a kind of letter T. This done, I hold 
up, in the fingers of one hand, one piece of paper, with the gold 
leaf fufpended to it^ and hold the other with the other hand; 

then 
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tlien Brieg tliem; near to eacb other, and after having adjufted 
them prdperlj, fb that the flips may hang parallel and fmooth, 
I force the pieces of paperj, which now touch each other, be* 
tween the two fides of a fort of pincers made of brafs wire, 
which are faftened to the luider part of that piece which 
jforms the top of the ek£trometer: and, in order to change 
thofe flips -when fpoiied, I keep in a book feveral flips of p-old- 
leaf ready cut, and ftirnifhed each with a piece of paper; fo 
that by this means this eledrometer is rendered, in a certain 
manner, portable. 

!@efides the w^y of alicertaining fmall qn»title§ of ele^ri- 
city ^ by means of very delicate eledrorBeters, two methods 
have been communicated to the philofbphical world, by which 
iuch qnantlties of electricity may be rendered manifeftjasP 
co^ld not be perceived by other means. The irft of t h^ 
methods is an invention of M. Vo!LTii, the apparatus fbr il 
being called the Condenfer of KleSlricky^ and is deicribed in tfe 
Philofbphical Trani(iliions^Vob^L The iecond is a cbn- 

trrvance of the above-mentioned Mr^ Beis^^^ who cali^ th^ 

apparatus The DoMer of EleBrmiy. A delcription of it is 
inlerted in the Bhilolbphical Tranfadions, Vol, EXXVIE 

M. Volta's con^nfer conifis of a flat and ImootH metal 
plate, furnifhed with an infulating handle^ and a femi^ooti- 
du6*ing, or imperffeSly infblating, plane. When one wiflies to 
e^tamine a weak eledricity with this apparatus, as that of the 
air in calm and hot weather^ which is not generally ieiliblfe to 
an eleflrrometer, he mufl: place the above-^Ji^^nlidnedli^ 
the iemi- cond u€tlng plane, and a wire^ or fotoe other coti^ 
ducting fubflance, mufl: be conneffeed With the metal plate^ 
and mufl be extended in the Open air, fb as tp^^blbrb if& elec:- 
tricity ; then^ after a certain time^ the metal plate^irn^^ 

feparated 
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feparated from the feml^cGnduding plane, and be^^^^ 

to an eledrometer will electrify it much more than if it had 

not been placed upon the above-mentioned plane. 

The principle on which the a£tion ef this apparatus depends 
is, that the metal plate, whilft {landing contiguous to the 
lemi-condufting plane, will both abforb and retain a muck 
greater quantity of electricity than it can either abforb or 
retain when feparate, its capacity being incfealed in the former^ 
and diminiihedin the latter cafe. 

Whoever conliders this apparatus, will eafily find, that its 
office is not to manifeft a fmall quantity of eledricity, but 
to condenfe an expanded quantity of ele£tricity into a fmall 
ipace; hence, if by means of this apparatus one expe(9:ed to 
!i::ender more manifeft than it generally is, when communicated 
immediately to an eledrometer, the eledricity of a fmall tour- 
malin, or of a hair when rubbed, he would find himfelf 
miiftaken. 

It is Mr. Beknet's doubler that was intended to anfwet 
that end.; viz. to multiply, by repeated doubling, a fmall, and 
otherwife unperceivable, quantity of ele£tricity, till it became 
fufficient to affeft an eledrometer, to give fparks, &c. The 
merit of this invention is certainly confiderable; but the ufe of 
it is far from precife and certain. 

This apparatus confifts of three brafs plates, which we fhall 
call A, B, and C ; each of which is about three or four inches 
in diameter. The firfi: plate A is placed upon the gold-leaf 
ele£trometer, or it may be fupported horizontally by any other 
infulating ftand, and its upper part only is thinly varnilhedi, 
The fecond plate B is varnifhed on both fides, and is furniflied 
with an infulating handle, which is fattened laterally to the 
^dge^f it. The third plate C is varniftied on the under fide 

only. 
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only, and is furnllhed with an iufulating handle/ which Is per- 
pendicular to its upper furface. 

This apparatus is ufed in the following mannar. The plate 
B being laid upon the phite A, the fmall quantity of eleflricity, 
which is required to be muitipHed, is communicated to the 
under part of the plate A, and at the fame time the upper part of 
B is touched with a finger ; then the fidger is firft removed ; 
the plate B is afterwards removed from oyer the plate A. The 
plate C is now laid uponB, and its upper furfaceds touched,, for 
a fhort time, with a finger. By this operation it is clear, that if 
the electricity communicated to the plate A is pofitive, the plaXe 
B mud have acquired a negative ele£triclty, and the plate C muft 
have acquired the pofitive, viz. the fame of the plate A. Now 
the plate B, being feparated from C, is laid as before upon A i 
the edge of C is brought into contaft with the under part of 
the plate A, and at the fame time the upper part of B is 
touched with a finger, by which means the plate B, being 
aded upon by the atmofplieres of both the plates A and C, 
will acquire nearly twice ^s much eleftricity as it did the firft 
time^ and of courfe will repider the plate C, when that Is laid 
upon it, proportionably more eleftrified than before : thus, by 
repeating this operation, the eledricity may be increafed to any 
required degree. 

The varnifti on thofe furfaces of the plates which are to lie 
contigoous to each other feryes to prevent the metal of one 
touching the metal of the other ; for in that cafe, inftead of 
one plate caufing a contrary eleftricity in the other, the elec- 
tricity of the firft would be gradually comn>unicated to the 
others, and would be difi^ipated. 

As loon as I underftood the principle of this contrivance, I 
baftened to conftruft fuch an apparatus^, in order to try feveral 

¥oLe LXXVIIL C e.xpe^ 
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experiments of a very delicate nature, efpecially on animal 
bodies and vegetables, which could not have been attempted 
before, for want of a method of afcertaining exceedingly 
fmall quantities of eleftrlcity ; but, after a great deal of trou- 
ble, and many experiments, I was at laft forced to conclude, 
that the doubier of ele£lricity is not an inftrument to be de- 
pended upon, for this principal reafon ; vi%. becaufe it multi- 
plies not only the elaclricity which is willingly communi- 
cated to it from the fubflance in queftion ; but it multiplies 
aifo that eleftricity which in the courfe of the operation is 
almoft unavoidably produced by accidental fritllon ; or that 
quantity of eleftricity, however fmall it may be, which ad- 
heres to the plates in fpite of every care and precaution,. 

Having found, that with a doubier conftru6ted in the above 
defcribed manner, after doubling or multiplying twenty or 
thirty times, it always became ftrongly eleftrified, though no 
electricity had been communicated to it before the operation^ 
and though every endeavour of depriving it of any adhering elec- 
tricity had been praClifed ; I naturally attributed that eledricity 
which appeared after repeatedly doubling, to fome fridion 
given to the varnifti of the plates In the courfe of the opera- 
tion. In order to avoid entirely this fource of miftake, or at 
leafl: of fufpicion, I conflruded three plates without the leaft 
varnifh, and which, of courfe, could not t^uch each other, 
but were to ftand only within about one-eishth of an inch of 
each other. To eftedl this, each plate flood vertical, and was 
fupported by two glafs fticks, which were covered with fealing- 
wax: fee Tab. L fig. i. and 2., where AB is a wooden pe- 
deftal, 7I inches long, 2I broad, and 1 J inch thicks C and 
are the two glafs fticks cemented Into the ftand or pedeftal A 
and Jikewlfe into the piece of wood E, which is faftened to the 

back 
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baek of the plate. The plate itfeif k.of ftroog tioi aiiclmea- 
iures about eight inches in diameter. The ftand AB projefts 
very little before the plate, by which means, wheii two of 
thofe plates, are placed upon a table facing each other^ the 
Wooden ftands will prevent their coming into adual contadt^ as 
may be clearly perceived in fig. 3. 

I need not defcribe the manner of doubling or of multiply- 
ing with thofe plates; the operation being eflcntially the fame 
as when the plates are conftruded according to Mr. Bennetts 
original plan ^ exGepting that^ inftead of placing them one 
upon the other, mine- are placed facing each other; and in 
performing the operation they are laid hold of by the woodeii 
ftand AB; fo that no fridion can take place either upon the 
glafs legs, or upon any varniih ; for thiefe plates have no need 
of being varnifliedv Sometimes, inftead of touching the plates 
themfelves with the finger, I have fixed a piece of thin wire to 
the back of the plate, and have then iapplied the finger to the 
extremity of the wire, fulpeding that: ibme7fri6tion and fome 
eledricity might poflibly be produced when the finger Was 
applied in full contact to the plate itfclf^ 

It is evident, that as the plates do not come fo near to each 
other in this, as they do in the other conftrudion, the eledri- 
city of one of them cannot produce fo great a quantity of the 
contrary electricity in the oppofite plate ; hence, in this con-^ 
ftruftion, it will be neceflary to continue the operation of 
doubling fomewhat longer ; but this difadvantage is more than 
repaid by the certainty of avoiding any friction, 

Havii^^g conftruded thofe plates, I thought that I might pro« 
ceed to perform the intended experiments without any further 
obftrudion; but in this I found myfelf quite miftaken : for, 
on trying to multiply with thofe new plates> and when no 

G % electricity 
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eledricity had been pre vioufly communicated to any of tliemj 
I found, that after doubling ten, fifteen, or at moft twenty 
times^ they became fo full of eleftricity as to afford even 
fparks. All my endeavours to deprive themi- of ek£lricity 
proved iiieffeduaU Neither expofing them, and efpecially the 
giafs (licks, to the flame of burning paper, nor brciathing upon 
them repeatedly, nor leaving them untouched for feveral days, 
and even for a whole.month, during which time the plates 
remained connefted with the ground by means of good con- 
duftors, nor any other precaution I could think of, was found 
capable of depriving them, of every veflige of ele£lricity ; lb that 
they might fhew none after doubling ten, fifteen, or at moft 
twenty times. ^ 

The eledricity produced by them was not always of the 
fame fort; for fometimes it was negative for two or three days 
together; at other times it was pofitive for two or three days 
more ; and often it changed in every operation. This made me 
luiped, that poffibly the beginning of that eledtricity was de- 
rived from my body, and being communicated by the finger to 
the plate that was firft touched, was afterwards diultipliedv In 
order to clear this fulpicion, 1 a£tually tried thofe plates at dif- 
ferent times, vk. hcfbre and after having walked a great deal, 
before and after dinner, &c. noting very accurately the quality 
of the eleftricity produced each time; but the effects feemed to 
be quite unconnefted with the above-mentioned concomitant 
circumftances, which independence was further confirmed by 
obferving that. the eledricity produced by the plates was of a 
§u£tuating nature, even when, inftead of touching the plates 
with the finger, they had been touched with a wire, which 
was Gonneaed with the ground, and which I managed by 
means of an infulating handle. 

I At 
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At iaft, after a great variety of experiments, which it is 
nuaeceirary to defcribe, I became fully convinced, that thofe 
plates did always retain a fmall quantity of eledricity, perhaps 
of that fort wjth which they had been laft eleftrified, and 
of which it was almofl: impoffible to deprive them* The va- 
rious quality of the eleftricity produced was owing to this^ 
w%. that as one of thofe plates was poflefl'ed of a finall quan- 
tity of pofitive eleftriclty, and another was poffeiTed of the 
negative eleflricity, that plate which happened to be the nioft 
powerful, occalioned a contrary eleftricity in the other plate, 
and finally produced an accumulation of that particular fort of 
eledlricity. 

Thofe obfervations evidently (he.w, that no precife refulf 
can be obtained from the ufe of thofe plates, and of courfe 
that, when conftrufted according to the original plan, they are 
ftill more equivocal, becaufe they admit of mxore fources of 
miftake. 

As thofe plates, after doubling or multiplying only four or 
five times^ flbew no figns of eleftricity, none having been 
communicated to them before, I imagined that they might 
be nfeful fo far only, i;/^. that when a fmall quantity of 
cledricity is communicated to any of them in the courfe 
of fome experiment, one might multiply it with fafety 
four or five times, which would even be of advantage in va-^ 
rious cafes ; but in this alfo my expedatlons were difappointed, 
as will appear from the following pages/ 

Having obferved, after many experiments, that, ceteris pari-^ 
^/^j, when I began to multiply from a certain plate, for in^ 
ftance A, the eledricity vvhich refulted was generally pofitive ; 
and when I began with another plate B, 1;/%, confidered this 
plate B as the firft plate, the refulting eledricity was generallj 

negative ; 
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negative ; I communicated fbme iieg?itive ele&icky to tlia 
plate A, with a view of deftroying its iaheretitpofidve elec- 
tricity. This plate A be;iBg now electrified negatively, but ib 
weakly as juft to affefl: an eleftrometer, 1 began doubling ; but 
after having doubled three or four times, Lfo by the help 

of ail eledro meter/ that the conimunicated negative eleclriGity 
in the plate was dii?niniihed inflead of being increaied ; ib that 
ibmetimes it vanifhed entirely, though by con tinuitTg the ope^ 
ration it often begali to iircreafe again, after a certain period* 
This (hews, that the quantity of ele£tricity, which however 
Imali it may be, remains in a manner fkftened to the plates, 
will help either to increafe or to diminifli the accumulation or 
muitipiication of the coniniumcated electricity, according as it 
happens to be of the famej or of t diSerent nature. 

After all the above-mentioned experirnents made with thofe 
doubling or multiplying plates^ we may come to the fbllowing 
conclufion, vi%. that the invention is very ingenious, but theit 
ule is by no means to be depended upon. It is to be wiftied,^ 
that they may be improvedy fo as to obviate the weighty ob- 
jections that have been mentioned in the pi-eceding pages, the 
firfl defideratum being to conftrud a fet of fuch plates as^ when 
no eledricity is communicated, they will produce none after 
liaving performed the operation of doubling for a certain hum* 
ber of times. 

Upon the whole, the methods by which feiall quantities of 
eledricity maybe afcertained with precifion are, as £ir as I 
know, only three. If the abfolute quantity of eleftricity be 
fmall and pretty well condenfed, as that produced by a fmall 
tourmalin when heated, or by a hair when rubbed, the only 
effectual method of manifefting its prelence, and afcertaining 
its quality, is to communicate it Immediately to a very delicate 

electrometer, 
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eleilrofB^ter, m. a very light oiie^ that has 110 great extent of 
metallic or of other coiidu£lmg fubftaiice;. becaufe if the 
fmall quantity of eleftricity that is comimmiicated to it be 
expanded throughout a. proportionably great furface, its elalB- 
cityj-'aod, sf ■courfe its power of feparating the. ^corks,of aa- 
ele£lrometer, will be diminifhed in the fame proportion. 

The, other. .cafe is, when, one wants to- afcertain the pre-fence.- 
of a confiderable quantity of eleftricityj which is difperfed or 
expanded into a great fpace, and is little condenfed^ like the 
conftant eledricity of the atmofphere in clear weather^ or like: 
the eledricity which remains in a large Ley den phial after the* 
firft or fecond difcharge. 

To effecS: this, I life an apparatnSj which in principle h 
nothing more than Mr. Volta's condenfer; but with certain 
alterationSj which render it lefs efficacions than in the origi- 
nal planj buf at the fame time render it much lefs fubjecEt tO' 
equivocal refults. I place two of the above defcribed tin plates 
upon a table, facing each other, as (hewn in fig. 3. and about 
one-eighth of an inch afunder# One of thofe plates, for in* 

.ftance A, is connected with the fioor by mean.s^of ,g-^wire, aocf: 
the other plate B is made to communicate, by any convenient/ 
means, \¥ith the eleftricity that is required to be collefted. In 
this difpofition the plate B, on , aecpunt of the proximiry of 
the other plate, will imbibe more eleflricity than if it flood far 
from it, the plate A in this cafe acting like the feml-condufting 

.plane of M. .Volta^s, condenfer,; though, not with- quite an- 
equal effeffe, becaufe the other pkte B does not touch it ; but 

.,yet,^. for the -very ..fame... reafon,' this; method -is- incomparably 

. -lefs-, fubje£t _ to any equivocal refult,, 'When: the, plates- have- 

remained in the laid fituation .for the' time that may 'be judged. 

neceiary, the commxinicatioa 'between;' the plate' 3,. ■and- the 

J . condu£l'ing. 
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tondudiog fubflance which conveyed the eie£lricity to it^ miift 
be difcontuuied by nieaas of a glafs ftick, or other infulatitig 
body; then the plate A is removed, and the pWte B is pre 
fented to an electrometer, in order to afcertaln the qiiaHty of 
the eleftricity ; but if the ele£trometer be not afFe£ted by itj 
then the plate B is brought with its edge /into contad with 
another very fmall plate, which ftands upon a feiri- conducing 
plane, after the manner of M. Volta^s condenfer * ; w^hich 
done, the fmall plate, being held by its infulating handle, is 
removed from the inferior plane, and is prefented to the elec- 
trometer : and it frequently happens, that the fmalf plate will 
afFe£l the ele£lronieter very fenfibly, and quite fufficient for 
the purpofe; whereas the large plate Itfelf fliewed no clear 
iigns of eledtricity. 

If it be alked, why I ufe the femI-condu£ting plane for this, 
fmall plate, and not for thelargeone ? the anfwer is, firft, be- 
caufe the large femicondufting plane is incomparably more 
difficult to be procured than the fmall one ; and, fccondly^, 
becaufe the fmall plane may be eafily deprived of any acci- 
dental eledricity which may adhere to it ; but the large one is 
more difficultly rendered fit for the purpofe, efpeclally as the^ 
large plate ought in general to remain upon it a much longer 
timie than the fmall plate is to remain upon its femi-condudting 
plane. 

The third and laft cafe is when the electricity to be afcer- 
tained is neither very confiderable in quantity, nor much con-* 
denfed; fuchisthe eleftricity of the hair of certain aiumals, 
of the furface of chocolate when cobling, &c. In this cafe 
the bell metiiod is to apply a metal plate, furniflied- with an 

^' This fmall plate is nearly of. the fize of a ^milling, and the femi-conduaing 
.plaoe.b of wocd covered with copa! ?arniib» ^ 

infulating 
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infulating handle, like an eleftrophorus plate, to the eledrified 
body, and to touch this plate with a finger for a fhort time 
whilft {landing in that lituation ; which done, the plate is re-* 
moved, and is brought near an eledlrometer ; or its eleftricity 
may be communicated to the plate of a fmall condenfer, as 
direded In the preceding cafe, which will render the eledricity 
more confpicuous. It is evident, that in this cafe the metal 
plate will acquire the ^leftricity contrary to that of the fub- 
ilance in queftion ; but this anfwers the fame purpofe : for if 
the eleftricity of the plate be found to be poiitive, one muft 
conclude, that the eleftricity of the body in queftion is nega- 
tive, and contrariwife. In this operation, care mufi: be had 
not to put the metal plate too near, or in full contad with the 
fubftance to be examined, left the friction, likely to happen 
between the plate and the body, fhould produce fome eledri- 
city, the origin of which might be attributed to other caufes. 

Having thus far defcribed the fureft methods of afcertaining 
the prefence and quality of eleftrlcity, when its quantity or 
degree of condenfation is fmall, I Ihall now beg leave to add 
fome farther remarks on the fubject of ele£lricity in general, 
and which have been principally fuggefted by what has been 
mentioned in the preceding pages. 

On the hypothefis of a fmgle eleftric fluid, it is faid, that 
every fubftance in nature, when not eledrified, contains its 
proper fhare of ele£lric fluid, which is proportionate to its bulk, 
or to fome other of its properties ; and it is generally believed, 
that this equal or proportionate diftributlon of ele3:ric fluid 
takes place with the greateft part of natural bodies. However, 
the hOc is far from being fo ; and I may venture to aflert that, 
ftriftly fpeaking, every fubftance is always eledrified, vi%. 
that every fubftance, and even the various parts of the fame 

Vol. LXXVIIL D body, 
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body, contain at all times more or iefs eleftric fluid than that 
quantity of it which it ought to cootainj in order to be in an 
eledrical equiHbriuaiwith the bodies that furround it. 

At fjrft fight It may be thought quite immaterial to know, 
whether the eleftric fluid is difperfed in the juft proportion among 
the various fubftances which are not looked upon as ele6lri- 
fied, or whether it deviates in a fmall degree from that propor- 
tionate diftrlbution ; but it will hereafter appear^ that one of 
thofe aflertions will lead us to the explanation of an interefting 
phenomenon in eleftricity, whereas the other does not admit 
of it; befides, what is called fmall difference of the propor^ 
tionate diilribution, infomuch as it does not affed our infl:ru^ 
ments, may be fufficient for feveral operations of nature, whick 
it is our interefl to invefligate. 

If we inquire what phaenomena evince this altered diftribu- 
tion, or the aftually eledtrified ftate of all bodies, the pre^- 
ceding obfervations will furnifh fome very unequivocal ones ; 
efpecially that of the doubling plates made after my plan, 
which Ihewed to be electrified even after having remained un- 
touched for a whole month, during which time they had 
been in communication with the ground j for if each of them 
had contained an equal fhare of ele£tric fluid, the eleftrk: 
atmofphere of one of them could not poffibly oecafion a con- 
trary electricity in the other, and confequently no accumula- 
tion of that power could have happened. 

A sreat number of inftanees are related in books on the 
fubje£l of electricity, and in the Philofopbical TranfaCtions, 
of pieces of glafs, of fulphur, of fealing-wax, &:c. having 
remained eleCtrified fb far as to affect an eleCtrometer for 
months after they had been excited, or even touched ; but the 
following experiment will ihew^ in aclearer manner,, the great 

lengtk 
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length of time that a quantity of electricity will remain upon 
a body. 

Having conltrudted a gbld-leaf eleftrometer in the niceft 
manner I could, and which, on account of the non*-condu£!:ing 
nature and conftrudion of its upper part^ could remain fenfibly 
eleftrilied for feveral hours together, I communicated fome 
cledricity to it, which caufed the flips of gold-leaf to diverge 
with a certain angle ; and as the eledricity was gradually diffi- 
pated, ;the divergency diminiflied in the fame proportion. 
Now, whilft this diminution of divergency was going on, I 
looked through a fmall telefcope, and by means of a micro- 
meter meafu red the chords of the angles of divergency, fet- 
ting down the time elapfed between each pair of contiguous 
obfervations 5 and as the chord of the angle of divarication is^ 
in the direct fimple proportion of the denfity of the electric 
fluid*, I could by this means know how much ele£tric fluid 
was loft by the eleitrometer in ai certain time, and of courfe 
what portion of the electricity firft communicated to the elec- 
trometer ftill remained in it. Let us make the chord of the 
angle of divarication on firft eleftrifying the ele<9:rometer, or 
rather when firft obferved, equal to i6 ; or let us conceive that 
quantity of eieCtricity to be divifible into 1 6 equal parts, . 

I obferved, that when the chord of the angle became equal 
to eight, the time elapfed between this and the firft obfervatioit 
was one minute; when the chord became equal to four, the 
time elapfed between this point and the preceeding obfervatioii 
was 3^ 30^^; when the chord became equal to two, the 
time elapfed fince the preceding obfervation was if % and 
when the chord became equal to one, the time elapfed fince the 

^ This, propofition was firft afcertained by F. Beccaria* See Philofphical 
Tranfadions., ¥oL LVL 
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preceding obfervation was one hoiir and a quarter ; after whicli 
the ele£lromcter remained fenfibly eleftrified for a long time. 

In repeating this experiment, the times elapfed between the 
correfponding obfervations did not follow fl:ri£lly the fame pro- 
portion of increafe; nor did they increafe regularly in the fame 
experiments, which may be attributed in great meafure to the 
inaccuracy in obferving, and to the fluctuating ftate of the air ; 
but it could be Hifely inferred from ail the experiments, that 
the times required for the difperfion of the eledricity were at 
leaft greater than the inverfe duplicate proportion of the den- 
fities of the eleftricity remaining in the eledrometer. And if 
we imagine, that they contin\ie to diminifli in the fame propor- 
tion of increafing time, which is far from being an extrava- 
gant fuppofition, we fliall find, by a very eafy calculation^ 
that about two years after the ele£l:rometer would ftill retain the 
hundredth part of the eledricity communicated to it in the 
beginning of the experiment; and as we do not know how 
far a quantity of eleQ:ricity is divifible, or to what extent it 
maybe expanded, we may conclude with faying that, ftridly 
fpeaking, the electrometer would remain electrified for many 
years. 

It may be inferred from this, as well as from many other 
' experiments, that the air, or in general any fubftance, is a 
more or lefs perfeCt conductor of eleftricity, according as the 
electricity which is to pafs through it is more or lefs condenfcd j 
fo that if a given quantity of eleCtric fluid be communicated 
to a fmall brafsball, one may take it away by fimply touching 
the ball with a finger; but if the fame quantity of eleCtric 
fluid be communicated to a fur face of about loo or looo 
fquare feet, the touching with the finger will hardly take away 
any part of it. 
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If It be afked, what power communicates the eleftricity, or 
originally difturbs the equilibrium of the natural quantity of 
eleftric fluid in the various bodies of the univerfe ; we may 
anfwer, that the fluctuating eledric ftate of the air, the paflage 
of eiedrified clouds^ the evaporation and condenfation of fluids, 
and the fridion ariiing from divers caufes, are perpetually aft- 
ing upon the eledlric fluid of all bodies, fo as either to increafe 
or diminifh it, and that to a more confiderahle degree than is 
generally imagined. 

I (hall laftly conclude, with briefly proposing an explanation 
of the production of electricity by friCtion, which is depen- 
dent upon the above ftated propofition, viz. that bodies are 
always eleCtrified in fome degree ; and likewife upon the well 
known principle of the capacity of bodies for holding eleCtria 
fluid being Increafed by the proximity of other bodies in certain 
circumftances. 

It feems to me, that the cylinder of an eleClrical machine, 
like ABC in fig. 4, muft always retain fome eleCtrielty of the 
pofitive kind, though not equally denfe in every part of its 
furface ; therefore, w^hen the part of it A is fet contiguous to 
the rubber fg^ it mult induce a negative eleCtricity in the 
rubber. Now, when by turning the cylinder, another part 
of it B (which fuppofe to have a lefs quantity of pofitive 
electricity than the preceding part A) comes quickly againft 
the rubber ; the rubber being already negative, and not being 
capable of lofing that eleClricity very quickly, muft induce a 
ftronger pofitive eleCtricity in the part B, which is now oppo- 
fite to it ; but this part B carmot become more pofitlvely elec- 
trified, unlefs it receives the eleCtric fluid from fome other 
body, and therefore fome quantity of eleCtric fluid pafles from 
the loweft part of the rubber to the part B of the glafs, which 
additional quantity of eleCtric fluid is retained by the part B 

onlv 
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only vvhilfl; it remains in contaft with the rubber; for after, 
that, its capacity being diminifhed, the electric fluid ende^* 
vours to efcape from it. Thus we may conceive how every 
other part of the glafs acquires the eledric fluid, &c. and 
what is fald of the cyhnder of an eledrical machine may, 
with proper changes, be applied to any other electric and its 
rubber* 

It appears, therefore, that according to this theory, apart 
of the rubber, viz. that which the furface of the glafs cylinder 
enters in turning round, muft ferve to furnifh the electric fluid 
to the glafs, and the upper part muft b6 poflefled of a negative 
electricity cap^.bie of inducing a pofitive eleftricity in the glafs 
contiguous to it. In fa£t, this feems to be confirmed by the 
general pra£lice and experience; for that rubber anfwers beft 
for an ufual eiedrical machine, which can eafily condud the 
eledric fluid with its under part, and the upper part of whicb 
is more ready to acquire, and to retain, the negative ele£tricity; 
hence the rubbers are generally furniftied with amalgam below^ 
and with a piece of lilk above; hence alfo, if the cylinder 
of the machine be turned the contrary way, it will produce 
little or no eleftricity. 

It often happens, that the part which conduds the fluid, 
and that which acquires the eledricity contrary to that of the 
eledrlc, are not fo difpofed in a rubber as the one above de- 
fcribed; but it remains always true, that the rubber muft be 
poflefled of thofe two properties, vi%. to condud the eledric 
fluid very readily in one or more parts, and to acquire, as well 
as retain, on other parts, an eledricity contrary to that ac- 
quired by the eledric that is to be rubbed with it. 
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